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Fig. I: Artist’s concept of SLS Block 1 at launch
ABSTRACT
Development of NASA’s Space Launch System (SLS) exploration-class heavy lift rocket has 
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ary path to development of an unprecedented capability for future human and robotic exploration and 
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ton (t) payload to low Earth orbit (LEO), more than double any operational vehicle. (Fig. I) This version 
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that can reduce mission costs, simplify payload design, reduce trip times, and lower overall risk. Each 
vehicle element completed its respective Preliminary Design Reviews, followed by the SLS Program. The 
Program also completed the Key Decision Point-C milestone to move from formulation to implementation 
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Accomplishments to date include: manufacture of core stage test hardware, as well as preparations for 



	+
		

	


8=
Space Shuttle missions. The Program’s success to date is due to prudent use of existing technology, 
infrastructure, and workforce; streamlined management approach; and judicious use of new technologies. 
This paper will discuss SLS Program successes over the past year and examine milestones and  
challenges ahead. The SLS Program and its elements are managed at NASA’s Marshall Space Flight 
Center (MSFC).
https://ntrs.nasa.gov/search.jsp?R=20140010973 2019-08-31T19:29:46+00:00Z
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human exploration. It would be based on three important, mutually-supportive capabilities: continuing 
long-duration research and operations in space aboard the International Space Station, lowering the cost 
of access to space by developing commercial cargo and crew launch services to LEO, and development 
of a new deep-space exploration capability beginning with the Orion crew spacecraft and the SLS heavy 
lift launch vehicle.
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urations evaluated for safety, development and life cycle costs, mission objectives, maintaining critical 
industrial base capability, and transitioning the workforce effectively.
Three families of vehicles emerged from these studies for further analysis: liquid oxygen/liquid 
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a modular core vehicle using commercially-available hardware. Internal and independent reviewers found 
the Shuttle-derived design to be the safest, most capable available in the shortest time under expected 
budget projections.1#
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ment.
The following section will discuss SLS Program background and vehicle architecture.
SLS PROGRAM BACKGROUND
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the Moon.
Along with SLS, NASA is developing the Orion crew vehicle and the Ground Systems Develop-
ment and Operations (GSDO) Program. Orion is a four-person spacecraft designed to carry astronauts on 
exploration missions into deep space managed at NASA’s Johnson Space Center (JSC). GSDO is con-
verting the facilities at NASA’s Kennedy Space Center (KSC) into a next-generation spaceport capable of 
supporting launches by multiple types of vehicles.
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SLS capability will evolve using a block upgrade approach, driven by exploration mission requirements. 
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Early SLS and Orion testing will support missions in cislunar space and the Agency’s proposed 
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and potential on-orbit assembly, further reducing cost and risk to crews and missions.
Crewed missions will explore the solar system’s mineral-rich asteroids, and, eventually, the moun-
tains and canyons of Mars. Additionally the enhanced lift capability of SLS will enable robotic science 
missions in the decades ahead that were previously not possible, such as Mars sample returns, large 
monolithic space telescopes, and explorations of the moons of Jupiter and Saturn.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transportation. (Fig. III).
The most costly part of any rocket development is its propulsion systems. The SLS architecture 
was designed to be affordable and restore U.S. space exploration capability as rapidly as possible by 
using the national investments from previous projects.
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re-started.
9Fig. III: SLS Block I - Proven success, Greater Power
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powerful boosters.
The sole new SLS hardware development is the massive core stage, which forms the vehicle’s 
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same width as the Space Shuttle’s external tank, taking advantage of the one-of-a-kind Michoud Assem-
bly Facility (MAF) manufacturing infrastructure.
The initial upper stage propulsion will be provided by the Interim Cryogenic Propulsion Stage 
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missions in the vicinity of the Moon.
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the evolved design, including advanced booster, upper stage, and engine trade studies, as well as the 
application of technologies such as composites, additive manufacturing, and structured light scanning.
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gen heavy-lift vehicles, and from advances in technology and manufacturing practices. Further, by using 
common design elements, the SLS connections with the ground systems at KSC and with the space-
craft and payloads it carries will remain consistent over time, reducing complexity. The SLS operational 
scheme takes advantage of resources established for the Space Shuttle, including the workforce,  
tooling, manufacturing processes, supply chains, transportation logistics, launch infrastructure, and LOX/
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=The following sections will note key milestones and accomplishments of the various SLS 
Program elements.
LIQUID ENGINES
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and highly tested large rocket engine ever built.
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While the availability of the Shuttle engines and the proven design represent a major cost and 
risk reduction, the engine itself must accommodate the different SLS operating conditions and environ-
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be higher because of the height of the core stage tanks and greater acceleration during launch. LOX inlet 
temperatures will be lower due to core stage design and engine chill-down process prior to the engine 
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with the boosters.
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16 Shuttle-heritage engines were moved from Kennedy Space Center to Stennis Space Center, where 
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testing project was accelerated by a few months, shortening the time for preparation work on the A-1 test 
stand.3G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ECU allows communication between the engine and launch vehicle, sends commands, transmits data, 
regulates thrust and fuel mixture ratio, and monitors engine health. The original Shuttle-era engine was 
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outs, ECU costs could be half those of the Shuttle controller.
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avionics tests operated the booster’s thrust vector control (TVC) system as if the booster were operating 
during an actual mission. (Fig. VIII) The avionics system provides power distribution, communication with 
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equipment. It was also a chance to train and evaluate the test team during simulated countdowns and 
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`Fig. VIII: SLS booster aft skirt avionics/thrust vector control system
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ward skirt, and the aft engine section.
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Vertical Assembly Center (VAC), one of the world’s largest welding tools. The VAC was acceptance tested 
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forward skirt, and was delivered to United Launch Alliance in April for integration with the launch vehicle.X 
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 (Fig. X)
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This effort provided a valuable opportunity to engage/develop MSFC capabilities (in-house design 
and manufacturing) while supporting a critical cross-program and cross-center initiative. This milestone 
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ductive and successful cross-center partnership between Langley Research Center (LaRC) and MSFC. 
Other milestones included award of the last major hardware contract for the Launch Vehicle 
Stage Adapter (LVSA) to Teledyne Brown Engineering, which will attach the mated upper stage and Orion 
to the rocket. The company will partner with MSFC to use its Advanced Welding Facility for assembly of 
LVSA components.
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Part of the analysis will include changes to the stage to accommodate SLS loads and environments such 
as winds at the launch pad and ascent loads.
 
SYSTEMS ENGINEERING & INTEGRATION (SE&I)
The Systems Engineering & Integration team worked numerous actions to understand vehicle 
performance, work out interface issues between vehicle elements, coordinate overall vehicle design is-
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ground support hardware and process operations.
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Polysonic (Boeing), and Unitary Plan (LaRC) wind tunnels.11 Testing included liftoff transition data with 
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focused more on local vibrations related to feed lines or the boosters. Tests were conducted over a range 
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Fig. XI: SLS wind tunnel testing at Ames Research Center (ARC)
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and modify it as necessary.
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MSFC’s Software Development Facility developed the avionics software that guides the vehicle 
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oped by upgrading existing component and board designs that have been used in communication satel-
lites. (Fig. XIII)
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 It was tested in MSFC’s (SITF) a hardware in the Loop Lab, which was designed to functionally 
represent the forward skirt, intertank and engine section of the SLS core stage, where avionics compo-
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length cables in addition to simulation and test system components. Simulations allow the computers and 
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Assembly Facility, where the core stage is being manufactured and integrated onto the actual rocket.
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while engineers collected acoustic data and tested the performance of water jets to acoustic waves that 
can affect the vehicle, crew, and payloads.9
Fig. XIV: Core stage SMAT testing at MSFC

Engineers also used a scale model to better understand the heating conditions at the base of the 
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versity of Buffalo Research Center, in Buffalo, N.Y. The tests provided data on convective heating en-
vironments that the bottom of the core stage and boosters will experience during ascent.= Many new 
innovative design and manufacturing methodologies have been used in the development of these rocket 
engines/motors. This has enabled the Team to surpass the performance of previous base heating model 
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Branch, Glenn Research Center’s Propellant & Propulsion Branch, and Plasma Processes Inc. Test 
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ADVANCED DEVELOPMENT
The SLS Advanced Development team continued to lay the groundwork for evolution of initial 
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engine.
Other efforts that support SLS evolution included support to research into an aerospike RP-1 
rocket engine, testing of a new more environmentally-benign, spray-on insulation foam, maturation and 
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on long-duration cryogenic propellant storage.
Members of the SLS evolvability team met with representatives of NASA’s Jet Propulsion Labora-
tory (JPL) to discuss design reference missions for two planned JPL spacecraft. The discussions not only 
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sides that can inform design decisions. 
The team also briefed members of the private Inspiration Mars, including Chairman Dennis Tito, 
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system, he said, will enable humans to explore many deep space destinations.16
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ous knowledgeable voices in the space industry and the payload community already concluded, that SLS 
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Fig. XVI: Artist’s concept of Orion crew vehicle in Earth orbit
The SLS team continues to work toward those key milestones. All hardware elements (boosters, 
main engines, core stage/avionics, and spacecraft and payload integration) have completed their respec-
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hydrogen tank, liquid oxygen tank, intertank, forward skirt, and engine structure. This includes completing 
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engine structure, intertank, and forward skirt. In support of EM-1, the project will complete assembly and 
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assembly.
SUMMARY AND CONCLUSIONS
With SLS, NASA is working to ensure that the United States remains the world leader in the 
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and substantial masses and volumes of cargo beyond low Earth orbit. NASA is developing SLS, Orion, 
and supporting ground facilities for that purpose, leveraging existing NASA investments.
SLS is the critical enabling capability for a future exploration architecture. With a lift capability 
more than two and half times that of any launch vehicle currently in operation, SLS will carry American 
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missions not possible today.
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